Basement Construction by Brotherson, Donald E.

BASEMENT CONSTRUCTION 
Basement walls are designed so that they will 
safely support the load of the house above them 
and to resist the forces of the earth outside the 
basement. Depending on the type of soil, the hori-
zontal force produced by the earth may be very 
high. In areas where the soil is primarily heavy 
clays, an investigation by a soils engineer may be 
needed. In areas where the water table is constant-
ly high (above the proposed basement floor), a 
basement may not be advisable. 
Concrete Masonry Foundation Walls 
Concrete masonry has been used extensively in 
residential buildings . Experience has established 
minimum thicknesses and support require-
ments. These are shown in the table. The maxi-
mum wall heights and depths below grade are 
based on the assumption that the wall will have 
horizontal support from the first floor at the top 
and the footing or basement floor at the bottom, 
and that the wall will be about 20 feet long. For 
longer or deeper walls, a structural analysis may 
be necessary and additional reinforcement by 
crosswalls or pilasters should be considered. 
Pilasters are thickened wall sections which are 
often used to support heavy loads, such as beam 
ends, or to provide additional support to the 
basement walls. The pilaster may be built of 
hollow or solid masonry units, filled -cell hollow 
units, or reinforced, filled-cell hollow units. The 
type of pilaster used depends upon the loads that 
it must carry and the amount of support needed 
for the basement wall. The pilasters are generally 
formed from 8 x 16 masonry units and are spaced 
at 13' -4" intervals. 
Concrete masonry walls can be strengthened 
by placing steel reinforcing bars and a concrete 
grout or fill in the block cores. Reinforced walls 
may be needed in cases where there are unusually 
heavy loads, deep walls, wet or heavy clay soils, 
or where there are very long walls. An exact analy-
sis of the wall design requires the services of a 
structural engineer. However, where somewhat 
stronger walls are desired, they may be partially 
reinforced by placing No. 5 (5/s") reinforcing bars 
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FOUNDATION WALL DESIGN CRITERIA 
Minimum thickness (in.) 
Foundation Height of Masonry 
wall unbalanced or masonry 
type fill (feet) (1) Frame veneer 
Hollow 3 8 8 
masonry 5 8 8 
7 12 10 
Solid 3 6 8 
masonry 5 8 8 
7 10 8 
Plain 3 6 8 
concrete 5 6 8 
7 8 8 
(1) Height of finish grade above basement floor . 
at 16-inch intervals in 10-inch thick walls. This 
"rule-of-thumb" applies to walls eight feet high. 
For deeper walls, a more exact analysis is needed. 
Plain Concrete Foundation Wails 
Plain (unreinforced) concrete walls at least six 
inches thick can be used for residential founda-
tions. Reinforced concrete can also be used in 
those situations where additional strength may 
interior wall finish . 
(minimum 1/2" gypsum 
drywall) .r 
/ 
Plain concrete basement wall insulated between fur-
ring strips which support the interior finish. 
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be needed. The design of reinforced concrete 
walls should be done by a structural engineer. As 
a minimum, one No.4 (1/2") bar should be placed 
continuously around the top and bottom of the 
wall and midway up the wall. 
Footings 
The footing is used to distribute the loads from 
the house structure to the ground. The bottom 
surface of any foundation footing should be lo-
cated below the frost line at all points. The depth 
of frost penetration varies according to location 
and should be determined before the footings are 
dug. As a general rule for residential buildings 
(one or two stories), the footing should be as 
thick as the wall it supports, and twice as wide. If 
the footing is supported on poor soil, it may have 
to be wider and thicker. If the soil under the foot-
ing is not uniform, it may also be advisa~le to 
reinforce the footing with two No.5 (5/s") bars. In 
all cases, the footing should not be placed on fill 
materials without consulting a structural 
engineer. 
Anchorage 
In order for the first floor to support the basement 
wall, it must be firmly anchored. For residences, 
Concrete masonry wall with a wood stud wall inside 
to provide insulation and interior finish. 
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this is generally done by securing the floor system 
to a wood sill that has been bolted to the masonry 
wall. The bolts should extend into two blocks and 
be spaced about six feet apart. There should be at 
least two bolts in each section of wood sill. Unless 
the sill completely covers the top course of ma-
sonry, the cores of the block should be filled or 
solid units should be used for the top course. Bolts 
should be embedded at least six inches into con-
crete walls. 
INSULATION 
Walls can be kept above the temperature of the 
ground by the use of insulation. The walls being 
warmer, the moisture in the air will not condense 
so readily on them. Moisture-resistant insulation 
and vapor barriers must be used. Care should be 
taken that moisture does not get behind the 
insulation. 
The wall should be dampproofed (seep. 7). In 
addition, a layer of four to six mil polyethylene 
should be placed between the furring strips (use 
pressure-treated wood to prevent decay) and the 
wall. Batt or blanket-type insulation is usually 
used. Foam plastic insulation (polystyrene, 
urethane, etc.) can be placed between the strips 
but the insulation must be covered with gypsum 
drywall for fire protection. 
As an alternative,2 x 4 studs can be fastened to 
plates secured to the floor and to the first floor 
joists and batt-type insulation placed between the 
studs, as in exterior wall construction. A vapor 
barrier should be used on the warm side. The in-
sulation should then be protected with a finish 
such as drywall or paneling. This system has the 
advantage of not requiring any holes in the foun-
dation wall. 
INTERIOR FINISHES 
Walls- The finish on basement walls can be as 
simple as a coat of paint or as elaborate as wood 
paneling. Before any finish is applied, adequate 
steps should be taken to insure that the wall has 
been made as water-resistant as possible. 
If the walls are to be painted, all dirt and for-
eign substances should first be removed. Imper-
fections, such as fins or honeycombs in concrete 
walls, should be removed or filled and repaired 
before painting is started. Choose a paint specifi-
cally recommended by the paint manufacturer for 
basement application. In addition to the 
usual paints, it is possible to purchase heavy-
bodied paint that can be textured to provide a 
variety of surface appearances. There are also 
some heavy wallpaper-like materials that can be 
applied to reasonably smooth concrete masonry 
surfaces. 
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If the walls are insulated and furred, then dry-
wall or paneling can be applied as a wall finish. 
Foam plastic insulations require a minimum 
cover of 1/2-inch gypsum drywall for fire protec-
tion. If there is any remote chance of moisture in 
the basement, avoid paneling materials that are 
sensitive to moisture. These may absorb moisture 
and warp or buckle. Since the basement space 
may not always have windows or an extra door for 
exit in the event of fire, some consideration 
should be given before using thin plywood panel-
ings or material with highly flammable finishes 
such as lacquer. 
Floors- Basement floors can be covered with 
resilient flooring materials or even carpeting. 
Select materials that can be installed with mois-
ture-resistant adhesives. Indoor-outdoor carpet-
ing makes an excellent floor covering and can 
withstand occasional wetting if the basement 
becomes damp. The carpet also provides a 
warmer surface for sitting if the basement will be 
used as a playroom or party room. 
Ceilings- The basement ceiling can be fin-
ished the same way as any other room in the 
house. However, some consideration should be 
given to using a drop-in (removable) acoustic 
ceiling. The acoustic material will help control 
noise in an active playroom or party area and the 
removable feature will give access to piping and 
wiring servicing the first floor. It also permits 
inspections for termite infestation, which is im-
possible when a fixed ceiling is used. 
KEEPING THE BASEMENT DRY 
If the basement is to be a truly useful space, it 
must be a dry area. Leaks and seepage (capillary 
transmission) of water through the walls should 
be prevented, and moisture condensation 
controlled. 
Moisture Condensation 
Dampness in a basement in the summer is fre-
quently caused by condensation of moisture from 
the air. This moisture problem occurs when warm 
air from the outdoors comes in contact with cool 
basement walls and floors, and with uninsulated 
cold water-pipes. The water vapor in the air turns 
into drops of water when the air strikes a cool sur-
face. The surface temperature at which the vapor 
condenses varies in relation to the air temperature 
and the amount of water vapor in the air. 
Dampness caused by moisture condensation 
can usually be cured by: 
• Warming the basement (by ventilating, in-
sulating, or heating). 
• Reducing the amount of moisture in the 
basemen£ (dehumidifying). 
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Mechanical dehumidifiers can control moisture con-
densation. They can be installed to drain the condensed 
water into a floor drain or laundry tub. 
Ventilating: By opening basement windows in 
dry weather, basement walls and floors can be 
warmed during the summer. Ventilation alone, 
however, is not a particularly dependable "cure" 
since the temperature and humidity of the out-
side air will greatly influence the results. During 
periods of high humidity, the air entering the 
basement will be damp, thus increasing the 
amount of moisture in the basement and reducing 
the effectiveness of ventilation. 
An exhaust fan installed in a basement 
window and operated during the day is helpful in 
circulating air through the basement. 
Dehumidifying: The amount of moisture in a 
basement can be reduced by a mechanical dehu-
midifier. This is essentially a small refrigeration 
unit in which the cooling coil is exposed to the air 
in the room. The moisture in the air condenses on 
the coil, since it is colder than any other surface in 
the basement. The water collected is drained 
away. In the operation of a dehumidifier, some 
heat is given off. This heat helps to warm the 
basement and, hence, to control condensation. 
Heating: By supplying a small amount of heat in 
the basement, the floors and walls can sometimes 
be warmed enough to prevent condensation. A 
fire in a basement fireplace or stove is suggested 
for a few hours a day. 
Preventing Leaks and Water Seepage 
By selecting the right type of construction and the 
correct waterproofing method, a basement can be 
kept dry. Certain information about the site is 
needed to insure dry construction; namely, 
ground-water level, type of soil, grading possi-
bilities, and storm drainage facilities. 
Ground-Water Level: The level of ground water 
varies considerably from locality to locality and 
also during the year. 
Builders should check the behavior of ground-
water levels with persons who know conditions 
in the vicinity of the site. Ground-water levels can 
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also be determined by digging a test pit. It is im-
portant that the level of ground water be mea-
sured when it is at its highest - usually in the 
spring after a heavy rainfall. 
In areas where the ground-water level is con-
tinuously above the basement floor, waterproof-
ing problems will be severe . For this reason, a 
basement may not be advisable. 
Type of Soil: The layers below the surface soil 
affect basement construction more than the sur-
face soil. 
Heavy soils of clay and silt are dense and often 
form impervious layers -that is, they absorb 
water, expand slightly, and then prevent the 
water from draining into the ground. Where such 
soils exist, drainage problems are frequently dif-
ficult. A layer of heavy soil on the outside of the 
basement walls may hold water and create pres-
sure against them. 
The drainage problem is relatively simple in 
light sandy or gravelly soils where the rain water 
disappears readily and does not stand in pools 
after heavy rains . 
Grading for Proper Drainage: In grading the lot, 
the land should be sloped away from the house. 
On low lots, the house should be set high and 
fill brought in around the house so that the water 
will flow away from it. Where there is no natural 
drainage for both front and back yards, the site 
should be graded so that there is a swale along the 
lot line between two houses. 
Where there is a substantial slope leading to 
the house, an intercepting drainage ditch should 
be located at the base of the hillside to collect any 
water flowing toward the house. 
Storm Drainage: Most communities have a 
public sewer to carry off storm water from down-
spouts and from footing, areaway, and floor 
drains. This sewer must be big enough to avoid 
storm drainage backing up into the basement. 
Before construction on the house is started, 
find out the past performance of the drainage 
system at the site and check its operation with 
neighbors, the city engineer, and contractors. Best 
drainage is obtained when the drain lines are 
below the basement floor. 
If no public storm sewer is available, make cer-
tain drainage can be handled satisfactorily by 
nearby streams, ditches, or a dry-well. A dry-well 
should be used only when there is reasonable 
assurance that the soil will absorb the water. 
When underground storm water is discharged 
into a dry-well, downspouts should be dis-
charged on splash blocks which extend at least 
three feet from the house. Splash blocks should be 
used only if the ground has a definite slope away 
from the house. 
F2.0 Basement Construction 
A drywell may be used to dispose of water from the 
downspouts if the soil is absorptive. 
Sump Pumps: If underground storm drainage 
lines in a house are too low to be discharged into 
the public storm sewer or ditches, they may be 
connected to a sump (a receiving tank in the 
floor). An automatic pump in the tank lifts the 
water to a higher level for discharge. 
Basement Floor Drainage: Basement floors which 
are built level can be drained easily if a graded 
gutter is provided around the edge of the floor. If a 
floor drain is installed in the center of the base-
ment, the floor should slope to it. 
pedestal-type submersible 
Sump pumps can be pedestal-type or submersible, 
either with an exposed or concealed float switch for 
automatic operation. 
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Extremely severe 
Average 
Mild . 
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Soil and Drainage Determine Construction 
The type of construction, waterproofing, and 
drainage for water-tight basements depends on 
conditions of soil and drainage. Three conditions 
are described below and recommended construc-
tion for each is given in the chart. 
• Extremely severe conditions exist where water 
pressure against the side walls or the floor of the 
basement cannot be relieved by the standard 
drainage methods of footing or underfloor drains 
leading to natural drainage or storm sewer. This 
condition is most likely to occur in low areas near 
swamps, rivers, or lakes. 
• Average conditions exist where heavy soil nor-
mally holds water, but where the water pressure 
on the basement walls can be readily relieved by 
footing drains. This condition is found in locali-
ties not affected by swamps, rivers, or lakes. 
However, in such areas, the storm sewers occa-
sionally may be subject to back-up during heavy 
rains. 
• Mild conditions exist where water readily dis-
appears in sandy or gravelly soil, and the ground-
water level is below the basement floor, making 
footing drains unnecessary. 
In the chart, drain lines leading to sanitary 
sewers and septic tanks are grouped together as 
sanitary drains ; drain lines connected to storm 
sewers, dry-wells or open ditches, as storm 
drains. The proper disposal of drainage water 
will depend on whether the sanitary and storm 
drain lines are both low, both high, or one is low 
and the other is high. Drain lines leading to the 
sanitary or storm sewer are classified as low if 
they are below the basement floor. 
KEY TO DRAWINGS 
1. Backfill 
2. Porous drainbed 
3. Floor drain with trap 
4. Bituminous coating 
5. One-half inch mortar (not necessary on plain con-
crete foundations 
6. Cove 
7. Building paper over joints 
8. Perimeter gutter sloping to floor drains 
9. Firm, undisturbed soil 
10. Membrane waterproofing 
11. Structural slab with reinforcing if necessary 
12. Concrete slab 
13. Sump pit with pump 
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RECOMMENDATIONS FOR BASEMENT CONSTRUCTION 
Walls 
(Foundation) 
Floor 
Waterproofing 
or 
Dampproofing 
Drainage 
Connections 
(Numbers refer 
to notes below) 
Floor drain 
Underfloor 
drain 
Footing drain 
Areaway 
drains 
Gutters & 
downspouts 
Extremely Severe 
Conditions 
Plain concrete desirable. 
(Reinforcing may be req' d) 
Double concrete slab with 
membrane waterproofing 
between. (The thickness 
and reinforcing depend 
upon water pressure.) 
Membrane starting above 
waterline on outside of 
foundation and extending 
continuously under slab. 
~ ~..c: ..c: ..c: b() ·~..C: ..s~ ..... .sb() ..c:~ ..C:b() 
... o ..... ... o ..... 
"'..c: "'..C: ~-... ~ ... e-- ~ ... ns ... 
·-= e ·-= e :=e ·-= e = 0 ;.s = 0 ;.s ns .... ns .... 
C/'H/) C/'H/) rJ)rJ) rJ)rJ) 
2 2 5 or 4 4 
Conditions prevent use. 
Conditions prevent use. 
Connect to storm drain. 
Connect to storm drain. 
1. Connect to storm drain. 
2. Connect to sanitary drain. 
3. Connect to sump, pump to storm drain. 
4. Connect to sump, pump to sanitary drain. 
Average Conditions 
Plain concrete or masonry. 
Concrete slab on firm, un-
disturbed soil or drain bed 
of gravel or crushd stone. 
Bituminous coating on 
outside of all foundations 
from grade to footing. 
Masonry foundations 
should first be coated with 
mortar 1/z-inch thick. 
~ ~..c: ..c: ..c: b() ·~..C: ..s~ .sb() :a~ ..C:b() 
... o ..... ... o ..... 
"'..C: "'..C: e-- ~ ... e-- e- ... ns ... ns ... .~ e 
·-= e :=e :=e = 0 = 0 = 0 = 0 ns .... ns .... ns .... ns .... 
rJ)rJ) rJ)rJ) rJ)rJ) rJ)rJ) 
2 2 5 or 4 6 or 4 
7&17&37&17&3 
1 3 1 3 
Use post-hole filled with 
gravel to connect to footing 
drains. 
Mild Conditions 
Plain concrete or masonry. 
Concrete slab on firm, un-
disturbed soil. 
None required. 
~ ~..c: ..c: ..c: b() .~,.c: ..s~ ..... ..sb() ..c:~ ..C:b() 
... o ..... ...o ..... e-- ~..c: ... ~-... ~..c: ... ns ... .~ e :=e 
·-= e ·-= e 
= 0 c:=o ;.s = 0 t'IS .... ns .... ns .... 
rJ)rJ) rJ)rJ) rJ)rJ) rJ)rJ) 
2 2 5 or 4 4 
Not required. 
Not required. 
Not required. 
Connect to storm drain or Discharge on splash block 
discharge on splash block or or omit gutters entirely. 
omit gutters entirely. 
shower discharge permitted in floor drain. 
6. Connect to sump, pump to storm drain if code allows. 
No laundry or shower discharge permitted. 
5. Connect to storm drain if code allows. No laundry or 
7. Required only if underground spring feeds water be-
neath floor slab. 
REP AIR OF BASEMENT LEAKS 
After a house has been constructed, any one or all 
three forms of dampness -leakage, seepage, con-
densation - may appear in the basement. 
Leakage and seepage can be reduced or elimi-
nated by the same techniques recommended for 
new construction; however, most of those meth-
ods entail considerable expense since they re-
quire excavation of the earth down to the footing. 
Interior dampproofing and drain lines, if applied 
and installed correctly, will be effective in all but 
the most severe cases. 
Dampness on walls can be controlled by ap-
plying several coats of cement-base damp-
proofing to the inside surface of the basement 
F2.0 Basement Construction 
wall. The material, which is packaged in dry 
form and mixed with water to a pancake-batter 
consistency, should be applied according to the 
manufacturer's instructions. 
Leaks Due to Water Pressure Against Wall 
Seepage or leaks with a visible flow indicate that 
the exterior face is faulty in preventing water from 
entering the wall. Methods for combating this 
type of leak are: 
• Apply mortar coat to inside surface of the wall. 
(Cement mortar should be applied at least 3/s-inch 
in thickness; quick-setting waterproofing ce-
ment, 1/s-inch thick.) 
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• If there is reason to believe that the footing tile is 
clogged, dig down and rod out this line, replacing 
any broken tile so the flow of water can be re-
stored. Cover the joints with small pieces of tarred 
felt before back-filling with at least one foot of 
gravel or crushed stone. If there is reason to sus-
pect that the downspouts were connected to the 
footing tile or if the downspout tile is broken, the 
downspouts can be directed onto splash blocks 
which slope away from the house. 
Many leaks occur at the joint between the 
foundation wall and the footing (and up to the 
floor level). These can usually be eliminated by 
building a cove of quick-setting waterproofing 
cement along the intersection of the wall and the 
floor. The cove should be keyed into the base-
ment floor which should previously have had a 
trough (2 inches wide and 1 inch deep) cut 
next to the wall. 
Leaks Due to Water Pressure Under Floor 
Hydrostatic pressure under the floor forces the 
water up through cracks and around the edge of 
the floor. The pressure should be relieved by in-
stalling a tile drain under the floor and next to the 
footing. 
This underfloor drain can also be used to 
remove water from inside hollow masonry blocks 
or outside the foundation. To do this, cut holes in 
the foundation and install 1h -inch pipes. Placing 
cement around the pipes insures a watertight 
foundation. This system should be used only if 
there is no danger of the storm water backing up 
after a heavy rainfall. 
If there is a danger of backup or if the under-
floor drain is not adequate, a membrane can be 
placed on the existing floor and lapped up on the 
side walls. A structural cover slab of reinforced 
concrete can then be placed over the membrane as 
a wearing surface . Where the pressure from 
below -is great, the slab must be reinforced to 
resist pressure against the membrane. 
Faulty Drainage 
Water which backs up into the basement through 
the sewer or drain line can be controlled by a 
rubber plug or threaded standpipe set into floor 
drains. The height of the standpipe will depend 
upon the water pressure in the drain lines . The 
customary height is two to three feet. Water pres-
sure which requires a taller standpipe may even-
tually burst the pipes and back up through the 
floor. To avoid this, backflow should be control-
led by cutting off the drain lines outside the house 
so that no water can get under the floor. To 
remove water, install a sump pump and connect 
the floor qrain to it. 
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REPAIRING EXISTING BASEMENTS 
Occasionally, concrete and concrete masonry 
walls will crack due to unanticipated loads on the 
wall, very heavy soils, or excess water pressure on 
the walls. When this happens, the cracks must be 
repaired or leakage may occur, or, in severe 
cases, the wall could collapse if the damage is 
great enough. 
Plain Concrete Wails 
Usually the cracks are not large and have hap-
pened because of shrinkage of the concrete, a 
separation where fresh concrete was placed 
against concrete already set-up and it did not 
bond, or due to settlement of the foundation . 
Cracks less than 1/4-inch wide can be repaired by 
using concrete patching materials available at 
most home center stores . Good patching tech-
nique requires that the crack be cleaned and 
deepened slightly so that the repaired area will 
not be too thin. The patch material directions 
must be carefully followed or the material will not 
bond to the concrete and the patch will not be 
watertight and may even fall out. If the wall is 
badly cracked and has bowed inward, it should 
be inspected by an engineer before repairs are 
attempted. 
Concrete Masonry Wails 
Cracked mortar joints can be cleaned out and re-
mortared similar to concrete walls. After the 
mortar joints are repaired, the wall should be 
coated with a dampproofing paint to complete the 
job . Badly cracked walls and walls that have 
bowed-in significantly need professional atten-
tion. Usually this means that the outside earth 
must be dug up to relieve the pressure on the wall 
before repairs are attempted. Many times there-
moval of the earth against the walls will allow the 
wall to return to a vertical position. It can then be 
reinforced by inserting steel bars into the wall 
about 32 inches apart. The bars are placed in the 
hollow block cores and then the cores are filled 
with pea-gravel concrete. Badly deteriorated 
walls or walls that cannot be straightened will re-
quire rebuilding of the foundation . This kind of 
work should be done only by an experienced 
contractor. 
Products or treatments are sometimes adver-
tised which claim to be able to seal basement leaks 
by pouring or pumping a liquid into cracks or 
down the outside of the foundation . These li-
quids usually contain materials which expand 
when wet in order to form a watertight seal. They 
should not be used unless they have a proven ser-
vice record in the type of soil around the house, 
and then only if the seller guarantees performance. 
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